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Abstract 
 
       The objectives of this study is to investigate the fire safety situation in 
regional petroleum service stations and to determine the shortcomings 
existing in their  protection system, find out the reasons that could lead  to 
the occurrence of fires accident and the required work to find appropriate 
ways to address them.  
 
Standard specifications which should be available at petroleum service 
stations were furnished by Nile Petroleum Company and have been applied 
in Gezira State,  Wad Medani petroleum service stations.  
The study was conducted in August 2009, samples were taken during the 
period between 08.08 to 22.08. 
 
As a result of the study, some of the norms followed were found compatible 
with standard specifications, but on the other hand it was found that some 
service stations did not conform to the standards in such aspects like floor 
leveling, training of workers and the presence of safety signs (cautions and 
instructions) required, which may lead to safety violation  and eventually the 
occurrence of fire accidents. 
 
The recommendations of the study include, among others, the non-granting 
of work permits for petroleum service stations, unless it meets all the 
standard specifications required. In addition to the necessity of periodic 
follow-up to make sure the implementation of these specifications. 
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  ﻣﺴﺘﺨﻠﺺ
  
ر ﻓѧﻰ ﻧﻈѧﻢ اﻟﺤﻤﺎﻳѧﺔ ﻓѧﻰ         ﺗѧﺘﻠﺨﺺ أهѧﺪاف هѧﺬﻩ  اﻟﺪراﺳѧﺔ ﻓѧﻰ ﺑﻴѧﺎن وﺗﻮﺿѧﻴﺢ اﻟﻘѧﺼﻮ 
واﻟﻌﻤѧﻞ .  ﺗѧﺆدى اﻟѧﻰ ﺣѧﺪوث اﻟﺤﺮاﺋѧﻖ  ﻗѧﺪ  وﻣﻌﺮﻓﺔ اﻷﺳﺒﺎب اﻟﺘﻰاﻻﻗﻠﻴﻤﻴﺔ   ﻣﺤﻄﺎت اﻟﻮﻗﻮد
  .ﻋﻠﻰ اﻳﺠﺎد اﻟﻄﺮق اﻟﻤﻨﺎﺳﺒﺔ ﻟﻤﻌﺎﻟﺠﺘﻬﺎ
  
 ﻓﻰ ﻣﺤﻄﺎت اﻟﻮﻗﻮد ﻣﻦ ﺷﺮآﺔ ﺎت اﻟﻤﻌﻴﺎرﻳﺔ اﻟﻮاﺟﺐ ﺗﻮﻓﺮهﺎ   ﺗﻢ اﻟﺤﺼﻮل ﻋﻠﻰ اﻟﻤﻮاﺻﻔ
 ﺗﻢ أﺧﺬ ﻋﻴﻨﺎت هﺬﻩ اﻟﺪراﺳﺔ  . ﻋﻠﻰ ﻣﺤﻄﺎت اﻟﻮﻗﻮد ﺑﻤﺪﻳﻨﺔ ودﻣﺪﻧﻰ وﻃﺒﻘﺖ،اﻟﻨﻴﻞ ﻟﻠﺒﺘﺮول
  .80.22 – 80.80م ﻓﻲ اﻟﻔﺘﺮة ﻣﺎ ﺑﻴﻦ 9002ﻓﻲ ﻋﺎم 
  
 . ﻧﺘﺎﺋﺞ اﻟﺪراﺳﺔ أن ﺑﻌﺾ اﻟﻤﻮاﺻﻔﺎت آﺎﻧﺖ ﻣﺘﻮاﻓﻘѧﺔ ﻣѧﻊ اﻟﻤﻮاﺻѧﻔﺎت اﻟﻤﻌﻴﺎرﻳѧﺔ  أوﺿﺤﺖ
 اﻟﺨﺪﻣѧﺔ ﻻ ﺗﺘﻄѧﺎﺑﻖ ﻣﻮاﺻѧﻔﺎﺗﻬﺎ ﻣѧﻊ ﺗﻠѧﻚ اﻟﻤﻌﻴﺎرﻳѧﺔ  ﺑﻌﺾ  ﻣﺤﻄﺎت أﺗﻀﺢ أن هﻨﺎﻟﻚ   وﻟﻜﻦ
اﺳﺘﻮاء اﻷرﺿﻴﺎت  وﺗѧﺪرﻳﺐ  ﺟﻮاﻧﺐ  ﺑﻌﺾ اﻟﻘﺼﻮر ﻓﻲ ﺑﻬﺎ أن  اﻟﻤﺬآﻮرة ﺳﺎﺑﻘًﺎ ﺣﻴﺚ وﺟﺪ 
  ﻳѧﺆدى اﻟѧﻰ ﺣѧﺪوث  ، اﻷﻣѧﺮ اﻟѧﺬي ﻗѧﺪ وﺟﻮد اﻟﻌﻼﻣﺎت اﻟﺘﺤﺬﻳﺮﻳﺔ واﻹرﺷﺎدﻳﺔ ﻋﺪم اﻟﻌﻤﺎل  و 
  .اﻟﺤﺮاﺋﻖاﻟﻜﺜﻴﺮ ﻣﻦ اﻟﻤﺨﺎﻃﺮ ﻣﺜﻞ 
  
ﺮ ﻓﻴﻬѧﺎ ﺟﻤﻴѧﻊ ﻣﺤﻄﺎت اﻟﻮﻗﻮد ﻣﺎ  ﻟﻢ ﺗﺘﻮﻓ  أهﻢ ﺗﻮﺻﻴﺎت اﻟﺪراﺳﺔ  ﻓﻰ ﺗﻌﻠﻴﻖ ﺗﺮاﺧﻴﺺ ﺗﺘﻤﺜﻞ
  اﻟﺪورﻳѧѧﺔ ﻟﻠﺘﺄآѧѧﺪ ﻣѧѧﻦ ﺗﻄﺒﻴѧѧﻖ ﺗﻠѧѧﻚ اﻟﻤﺘﺎﺑﻌѧѧﺔاﻟﻤﻮاﺻѧѧﻔﺎت اﻟﻤﻄﻠﻮﺑѧѧﺔ ﺑﺎﻻﺿѧѧﺎﻓﺔ اﻟѧѧﻰ ﺿѧѧﺮورة 
  .اﻟﻤﻮاﺻﻔﺎت
v  
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1.1 General 
The risk of fire is present during all stages and operations of the 
petroleum industry, whether during exploration and production (E&P) both 
in onshore and offshore installations or during refining processing or 
transportation, storage or during dispensing to the end user. All petroleum 
products from crude to final products produce vapor that is being mixed with 
air creating the potential for ignitable mixture. While petroleum products 
have different rates of releasing vapors to the environment, they all share the 
risk of starting a fire when an ignition source is introduced to the mixture. 
Fires involving hydrocarbons can take several shapes from pool fires to fire 
balls and jet fires. Due to the severity and Heat Release Rate (HRR) of 
Hydrocarbon fires, fire prevention, protection and mitigation measures are 
considered to be of utmost importance/most advanced in relation to same 
measures in other industries.  
Hydrocarbons release vapor to the surrounding environment creating a 
mixture with air. This air mixture can take different concentrations 
depending on many factors. A fire can start if this mixture has concentration 
between two levels referred to as Lower Flammability limit (LFL) and 
Upper Flammability Limit (UFL). Any air concentration less than LFL is 
considered too lean to burn and any concentration above UEL is too rich to 
burn.  
The threat from fire is present at all times in the petroleum industry. To 
prevent fires from starting in the first place several measures have to be 
implemented including the proper design, proper construction materials, 
3  
 
proper processes and strict control of transient combustibles and ignition 
sources.  
Selecting the proper detection and suppression system provides assurance   
of controlling and extinguishing any potential fires as soon as they start 
developing.[1]  
1.2 Objectives 
     The main objective of this study is to: 
• Investigate the fire safety situation in petroleum service stations. 
The specific are: 
• Determine the shortcomings in their protection system. 
• Find out the reasons that could lead to the occurrence of fires and the 
required work to find appropriate ways to address them.  
4  
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  2.1 Chemistry of Fire: 
     2.1.1 Mechanics of Combustion 
From casual observation of a simple wood fire, it seems that the wood 
itself is burning. Actually, only the vapors given off by it supply the fuel that 
feeds the flames. Nearly all combustible materials, whether in a liquid or 
solid state, give off vapors when heated. Even paper, which is not ordinarily 
regarded as vapor producing, when heated gives off vapors which can be 
burned at some distance from the paper itself. Most solids must first be 
converted into a liquid state before vaporization takes place paraffin, for 
example, as in the case of a candle burning. The ignited wick melts the 
paraffin into a liquid, and the liquid flows into the wick and gives off vapor 
to feed the flame.  
     2.1.2 Flashpoint 
Almost all oils must be heated until a vapor is given off before 
burning can take place. The temperature at which oil begins to give off 
vapors that can be ignited is known as the flashpoint. Most lubricating oils 
must be heated to over 149 C (300 F) before they will flash. However, more 
highly volatile liquids such as gasoline, alcohol, naphtha, etc., have 
flashpoints so low they can be ignited readily at room temperature. The fire 
hazards that these liquids present are due to the fact that even at low 
temperatures they are constantly giving off highly flammable vapors. The 
flashpoint of gasoline is -43 C (-45 F), and while the ever-present vapors are 
not visible to the naked eye, they may be observed by means of  
6  
 
 a shadow image produced by a powerful light. The flashpoint of a liquid, 
however, should not be confused with the temperature necessary to ignite 
the vapors, for unless a source of heat considerably hotter than the flashpoint 
of the fuel comes into direct contact with the vapors, the fuel will merely 
continue to give off vapors without burning.  
    2.1.3 Oxygen Required for Combustion 
The second essential factor in the process of combustion is oxygen. 
Without oxygen, even the most flammable vapors will not burn. Under 
normal conditions, a flame draws the amount of oxygen necessary to sustain 
combustion from the air. When the oxygen content of the air falls from 
normal 21 percent to below 15 percent, there is immediate extinguishment of 
practically all flames.  
The part that oxygen plays in supporting combustion is illustrated in a 
cutting torch. When only the acetylene gas is used, there is no cutting effect 
on the metal, but when the oxygen valve is opened the torch readily cuts 
through the metal on which it is being used. Under normal conditions, the 
oxygen in the air combines with the combustible vapor in the direct 
proportion to sustain combustion. With the regulated flow of vapor in an 
open space, the ready mixture of the two elements is evidenced. The greater 
the flow of vapor, the greater the mixture with oxygen and the larger the 
flame. This action is caused by the heat of the flame. The hot-air currents 
rising from the flame create a draft suction that draws a steady flow of 
oxygen into the flame area.  
With fuel at its flashpoint and vapors combining readily with air, the mixture 
may be regarded as in a state of readiness. Combustion, however, cannot 
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occur until further heat is applied. An electric spark in some cases or  the 
heat of an open flame in others may furnish this needed heat.  
     2.1.4 Ignition Temperature 
There is a wide temperature difference between the flashpoint of a 
fuel and the ignition temperature; for example, the flashpoint (vapor given 
off) of gasoline is -43 C (-45 F), and the ignition temperature (heat necessary 
to ignite the mixture) is 257 C (495 F). A small flame can be thrown into 
lube oil which is at average room temperature and it will not burn, but with 
the addition of burning gasoline, vapors soon rise and burn to raise the 
temperature of the surrounding oil to the flashpoint. The rate of burning is 
governed by the surface area; i.e., only the fuel coming into contact with the 
air is consumed. The greater the surface area, the more readily oxygen 
reaches the vapors. The surface area of a material in proportion to its volume 
affects the readiness with which it will ignite. For example, if you cut two 
identical blocks of wood from the same piece of timber and reduce one of 
them to a pile of shavings, this greatly increases the surface area of the 
material; when a lighted match is placed against the solid block, it merely 
chars and absorbs the heat, while the same flame readily ignites the 
shavings.  
8  
 
     2.1.5 Fire Triangle 
The starting of a fire involves three elements - fuel, oxygen, and 
ignition temperatures. These elements may be compared to the three legs of 
a triangle (fig. 1), for fire cannot occur until all three are brought together.  
 
 
 
 
 
 
Figure (2.1) Fire Triangle 
The following is a common cause of fires in terms of the fire triangle. A 
cigarette is carelessly discarded and comes to rest on a scrap of paper. The 
heat of the glowing cigarette is sufficient to cause the fuel - in this case, the 
paper (with a low ignition temperature)- to give off vapor. Oxygen is 
present, and when the vapors are given off in sufficient quantity the mixture 
ignites, the cigarette being hot enough to supply the ignition temperature. 
Because of the relatively large surface area, the fire spreads rapidly and 
grows in intensity, building up higher temperatures, causing more and more 
vapors to be given off. The heat of the flame causes the hot air to rise, 
drawing in additional oxygen to combine with the vapors and feed the 
flames. Referring to the fire triangle, to extinguish a fire, it is necessary to 
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break up the triangle by taking away any one if its sides. This may be 
accomplished in various ways, as will be pointed out in the following 
sections.  
2.2 Classification of Fires 
   2.2.1 Definition and Types 
Classification of fires is the systematic arrangement in classes of the 
various substances that as fuels produce heat by combustion, as follows:  
Class A: Ordinary combustible materials such as wood, cloth, paper, and 
some rubber and plastic materials.  
Class B: Flammable liquids, gases, greases, and some rubber and plastic 
materials. Flammable or inflammable (identical in meaning) liquids do not 
themselves burn or explode, but, as pointed out previously, the gases or 
vapors formed when they are heated and evaporated explode; that is, the 
change of state from liquid to gas must first occur. As long as they are in a 
liquid state with no vapors being given off, there is little or no hazard. For 
the more volatile liquids, such as gasoline, storage in a closed container is a 
necessity. In order for any vapor to explode, it must have the correct vapor-
air ratio, just as in the carburetor of a car. When the engine is flooded with 
gas, the mixture is too rich and fails to ignite. The same holds true in 
gasoline storage. The danger is when the gases being poured from one 
container to another, thus giving the vapors the change to mix with the 
correct amount of air to form an explosive moisture. The same 
circumstances hold true with all flammable oils when enough heat is present 
to release vapors from the liquid.  
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Keeping in mind that a flammable liquid is not hazardous as long as It is not 
hot enough to give off vapors which can mix with the oxygen in air and 
burn, two things can be done: The liquid can be cooled down to the point 
where no vapors are given off; and the supply of oxygen can be blanketed 
out. Some flammable liquids give off vapors at temperatures ordinarily 
considered cold. For example, gasoline vaporizes at -43 C (-45 F) or lower.  
Class C: Live electrical equipment.  
When equipment is dinger zed, extinguishers for class A or B fires could be 
used safely; however, in fighting an electrical fire there are two important 
things to be taken into consideration: namely damage to the equipment far 
beyond what the fire could do, and danger to the Individuals fighting the 
fire. To avoid these two possibilities,    dinger zed the circuit and use only 
the types of extinguishment recommended for class C fires. 
Class D: Combustible metals such as magnesium, titanium, sodium, 
potassium, lithium, and zirconium.  
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2.3 Portable Fire Extinguishers 
2.3.1 Types and Usage 
All extinguishers of a portable type act as a "first-aid" appliance for 
extinguishing fires in their incipient stage, and they cannot be expected to be 
effective after a fire has spread to involve a large amount of combustible 
material. The action of all extinguishers is by cooling the burning substance 
below its ignition temperature and by excluding the air supply (blanketing 
out the oxygen), or by a combination of these methods. Also, some types 
tend to inhibit oxidation by chemical action.  
- Extinguishers for Class A Fires 
Multipurpose dry chemical Foam extinguishers Loaded stream 
extinguishers.  
- Extinguishers for Class B Fires 
Multipurpose dry chemical Foam Carbon dioxide (CO2) Dry 
chemicals Loaded stream extinguishers Bromotrifluoromethane - Halon 
1301.  
- Extinguishers for Class C Fires: - 
Multipurpose dry chemical Bromotrifluoromethane - Halon 1301 
Carbon dioxide (CO2) Dry chemicals  
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- Extinguishers for Class D Fires 
Extinguishers or extinguishing agents for class D fires shall be types 
approved for use on the specific combustible metal.  
2.4 Operation: 
Does not attempt to explain the complete operation of each individual 
fire extinguisher, as the directions for operation will be found on the 
equipment. All persons who may have to use an extinguisher should 
carefully read and adhere to the instructions placed on the extinguisher by 
the manufacturer. Upon initial assignment and at least annually thereafter, 
all employees designated to use fire extinguishers will be provided training 
in the use of such equipment. All other employees will be educated in the 
general principles of fire-extinguisher use and the hazards with incipient-
stage firefighting at least annually.  
2.5 Inspection and Maintenance: 
2.5.1 General 
Portable extinguishers shall be maintained in a fully charged and 
operable condition, and kept in their designated placed at all times when 
they are not being used. Each extinguisher shall be equipped with a tag for 
registering inspection date. Aluminum tags on which the date can be 
punched are preferred for a lasting record.  
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2.5.2 Inspection 
Inspection is a quick check that an extinguisher is available and will 
operate. Extinguishers shall be inspected monthly, and the following items 
shall be checked:  
(1) The extinguisher shall be in its designated place.  
(2) Access to, or visibility of, the extinguisher shall not be obstructed.  
(3) The operation instructions on the extinguisher nameplate shall be 
legible and face outward.  
(4) Any seals or tamper indicators that are broken or missing shall be 
replaced.  
(5) For water types without gauges, their fullness shall be determined 
by "hefting."  
(6) Any obvious physical damage, corrosion, leakage, or clogged 
nozzles shall be noted.  
(7) Pressure-gauge readings when not in the operable range shall be 
noted.  
The date the inspection was performed and the initials of the person 
performing the inspection shall be recorded. When an inspection reveals that 
tampering has occurred, or that the extinguisher is damaged, impaired, 
leaking, under-or overcharged, or has obvious corrosion, the extinguisher 
shall be subjected to applicable maintenance procedures.  
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2.5.3 Maintenance 
Maintenance is a "thorough check" of the extinguisher intended to 
give maximum assurance that an extinguisher will operate effectively and 
safely. It includes a thorough examination and any necessary repair or 
replacement. Maintenance shall be performed at regular intervals, not more 
than 1 year apart or when specifically indicated by an inspection. Any 
extinguishers removed from the premises to be recharged shall be replaced 
by spare extinguishers during the period they are gone. Refill all 
extinguishers as soon as they are used.  
Stored pressure-dry chemical extinguishers that require a 12-year hydrostatic 
test will be emptied and subjected to applicable maintenance procedures 
every 6 years. Dry chemical extinguishers having non-refillable, disposable 
containers are exempt from this requirement.  
2.6 Carbon Dioxide Extinguishing Systems.- 
2.6.1 Principle 
The use of CO2 as an extinguishing agent is based on the principle of 
using an inert gas to reduce and displace the oxygen content of the air. Most 
fires where there are no flowing embers to maintain a high degree of heat for 
reignition can be extinguished by a reduction of the oxygen content from the 
normal 21 percent to 15 percent. Since CO2 is heavier than air, it has the 
ability to penetrate into loose material and confined spaces where water or 
foam might not. The rapid expansion of the gas on discharging produces a 
refrigerating effect, as indicated by the CO2 snow, which has a temperature 
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of minus 79 EC (-110 EF). This snow turns into gas and in the process 
absorbs heat from the surrounding atmosphere.  
2.6.2 Uses 
CO2 may be used on a large variety of fires, such as: flammable 
liquids in practically any type container, all types of electrical machinery 
and apparatus, and any situation where water would be damaging to the 
material after the fire is extinguished. CO2 is not suitable for use on 
pyroxylin plastics (photographic film).  
2.6.3 Precautions in Using CO2 
The characteristics of carbon dioxide are such that certain 
precautionary measures are necessary. So far as safety to life is concerned, 
CO2, if not breathed in excessive amounts, is not dangerous; however, a 
concentrated atmosphere inhaled for several minutes will produce 
suffocation, as illustrated in the following tabulation:  
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Table (2.1) CO2 concentrated in atmosphere inhaled  
 
Increase in lung activity CO2 concentration  
50 percent. 2 percent. 
100 percent. 3 percent. 
300 percent. 5 percent. 
Can be tolerated only a  few minutes. 9 percent 
 
Breathing a higher concentration than 9 percent CO2 can render a person 
helpless almost immediately. As CO2 design concentrations for fire 
extinguishing generally exceed 25 percent, it is potentially dangerous for 
personnel to be in an area protected by a CO2 system. Also, the release of 
carbon dioxide into an enclosure causes a blinding storm of small crystals 
and builds up CO2 concentration so rapidly that escape becomes nearly 
impossible. All employees entering such areas must obtain clearance on the 
stationary extinguishing system and make it inoperative by mechanical 
and/or electrical means. A test release of a bank of CO2 concentrations from 
atmospheric normal to above 45 percent in less than 10 seconds. It also 
increased CO2 concentrations in turbine pits to 15 percent, and hazardous 
concentrations in both locations remained for approximately 1 hour. 
  
2.6.4 Entering Enclosures after CO2 Discharge 
17  
 
Concentrations for the proportions listed in are not likely to be 
encountered when portable CO2 equipment is being used to fight fires in an 
open area; however, they will be obtained when CO2 is used to smother a 
fire in an enclosure such as generator housing on oil storage or oil purifier 
room. It is desired to maintain a minimum concentration of at least 25 
percent for a period of time to extinguish fires in enclosures of this kind. 
Therefore, the following precautionary measures for personnel safety are 
required. In entering generator housing after CO2 has been discharged, 
proper clearance of the generator should be obtained and enough time should 
elapse so that the CO2 application has served its intended purpose in 
extinguishing the fire. This period should be determined by a CO2 
concentration test. Two employees equipped with self-contained breathing 
apparatus will open generator housing door and vents to permit the CO2 and 
smoke to escape by natural draft and to determine if all fire has been 
extinguished. Fans can also be used to clear the unit of smoke and CO2. 
After this has been accomplished and atmospheric tests for carbon dioxide 
and carbon monoxide concentrations are found to be below safe limits, other 
personnel may enter the housing. In the case of the oil storage and oil 
purifier rooms, proper airing out of the area should also be obtained before 
personnel are allowed to enter. Effective on fires of flammable liquids in 
CO2 is stored in a liquid state under very high pressure; and when 
discharged, the rapid expansion produces a refrigerating effect to the extent 
that one may obtain a "burn," or frostbite from coming in contact with a 
metal part through which the gas has passed. The CO2 nozzles in generator 
housings should not direct the gas directly against the windings as the 
chilling effect may damage the insulation. The effective discharge period of 
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the CO2 extinguishers varies from 1 to 2 minutes, depending upon the size 
and design of the units. Smaller size, and about 3 minutes 30 
2.7 Dry-Chemical Extinguishers: 
2.7.1 Principle and Uses 
Dry-chemical extinguishers expel a finely powdered dry chemical 
which, on striking flame, releases many times its volume in nontoxic fire-
extinguishing gases similar to CO2. The powder consists principally of 
bicarbonate of soda which has been chemically processed to make it free-
flowing. The extinguishers contain a cartridge of CO2 or nitrogen 
(depending on size) to expel the dry chemical. These extinguishers can be 
used for electrical fires, both in rotating machinery and other equipment, 
since the powder is nonconducting and, in some types, nonabrasive. 
However, the powder remaining after the fire is extinguished is difficult to 
clean from motor or generator windings. These extinguishers are vats and 
pools, spilled fires on floors or in any situation where the compound stream 
can be swept across the burning surface. 
2.7.2 Wheeled Units 
Dry-chemical-com-pound wheeled units are available in capacities of 
45 to 159 kg (100 to 350 lb) with operating pressure furnished by nitrogen 
gas. Extinguishing characteristics are similar to those of portable 
extinguishers. An effective discharge of dry chemical is obtained for a 
period of approximately 1 minute 45 seconds in seconds in the 159-kg (350-
!b) size. Effective range of the compound stream is from 10.7 to 13.7 m (35 
to 45 ft). 
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2.7.3 Safety Requirements 
Where there is a possibility that personnel may be ex-posed to a dry-
chemical discharge, suitable safeguards shall be provided to ensure prompt 
evacuation of such locations, and also to provide means for prompt rescue of 
any trapped personnel. .[2] 
2.8 Fire Prevention 
Many fires start as a result of poor housekeeping, not only in the home 
but in many supposedly fireproof structures. Many building fires can be 
traced to oily rags and other materials (subject to spontaneous ignition) 
discarded or inadvertently dropped onto inaccessible places, such as an oily 
rag falling onto heating system pipes. The temperature of the pipes starts the 
process of vaporization, and heated vapor entrapped in the rag accumulates 
and builds up a higher temperature. In time, the ignition temperature of the 
oil rag is reached and a fire is under way.  
A high standard of cleanliness and order is perhaps the most important 
single element in fire prevention. Simple daily tasks such as regular disposal 
of wastepaper and other combustible waste are of utmost importance. Waste 
cans should be metal containers with lids. Also, oily mops, dust rags, etc., 
should be kept in fire-resistive storage enclosures since they are subject to 
spontaneous ignition.  
Good housekeeping is as essential outdoors as it is within structures. 
Rubbish and waste should not be allowed to accumulate where it can serve 
to aid in the spread of fire. Dry weeds or grass around buildings present a 
fire hazard.  
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Another likely place for a fire to start is in a locker room where men have 
left oily clothes or clothes smeared with paint. Matches left carelessly laying 
around, particularly where there are mice or rats, constitute a fire hazard.  
Other items to watch for as a possible source of fire are hot bearings, 
exposed light bulbs near flammable material, sparks flying from grinding 
wheels, dust and lint collecting oil in blower and ventilating systems, and 
careless disposal of cigarettes and matches.  
Gasoline fires or explosions are often caused by static electricity, 
particularly during loading or fueling operations around service stations or 
on tank cars and trucks. The electric charge is generated by friction of the 
flowing liquid. When the nozzle is grounded by contact with the tank, the 
electric charge drains off to the ground; but when the nozzle is not in contact 
and no grounding exists, static charge is likely to build up and eventually 
discharge to ground through the shortest path. Since the mouth of the tank is 
the nearest metal conductor, a spark hot enough to ignite a vapor-oxygen 
mixture will span the gap between the nozzle and the tank. 
 
 
 
2.8.1 Common Cause of Electrical fires 
The more frequent causes of electrical fires are arcs, sparks, 
overheating, and over loading a circuit. When a current-carrying circuit is 
interrupted, intentionally or otherwise, an arc is produced such as that 
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formed when a knife switch carrying load is opened. Such arcs have 
temperatures high enough to ignite any combustible material that may be in 
the vicinity, as well as through hot metal from the fused conductor. The 
amount of heat generated in a conductor is in direct proportion to the 
resistance of the conductor and to the square of the current. For this reason, 
conductors used to carry power to electrical equipment should be large 
enough (of low resistance) to carry the load without overheating. Metals 
such as copper and aluminum are used for this purpose. In many instances, 
electrical fires are caused by temporary or inadequate wiring jobs which are 
in violation of the National Electrical Code, which limits the current a 
conductor, shall carry and the type of insulating covering.  
Some of the major causes of electrical fires are:  
(1) Use of fuses too large for the circuit they are protecting, or a 
circuit breaker with too high a setting.  
(2) Adjustable-type circuit breakers with a blocked tripping element.  
(3) Pennies inserted behind plug fuses.  
(4) Nails or bolts substituted in place of cartridge fuses.  
(5) Refillable fuses in which additional strips have been placed.  
(6) Corrosion of fuses, circuit breakers, or conductors.  
(7) Insulation of conductor’s deteriorated from age or mechanical 
injury and exposure to heat, moisture, or vapors.  
(8) Joints not properly soldered and taped.  
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(9) Burned and pitted contacts. 
(10) Overheating due to poor contactor overload. .[3] 
2.9 Care and Inspection of firefighting equipment: 
2.9.1 Training 
        Fire protection, regardless of how good the equipment may be, is 
entirely nullified if equipment is not kept in operative condition at all times. 
Therefore, the importance of proper care of equipment and routine 
inspection to make sure the equipment is kept in perfect working order for 
instant use cannot be overemphasized.  
Foremen and other employees should be instructed in the use of all 
fire equipment so that they will not only be able to bring it quickly into 
action in the event of fire, but also so that they will realize the importance of 
its being accessible and unobstructed at all times. Trained employees will 
not allow fire hose or extinguishers to become obstructed by piles of 
construction materials, supplies, or permanent equipment, or allow fire doors 
to become blocked open. They will see that aisles are kept clear so that there 
will be less chance of accidents occurring. Foremen and employees who are 
instructed in the dangers of poor housekeeping and defective electrical 
equipment will see to it that clean conditions are maintained, oily rags 
properly disposed of, and defective wiring, etc., repaired at once.  
2.9.2 Inspections of Equipment 
Periodic inspections should be made by capable personnel, preferably 
two or more, who should alternate in making the inspections. Portable 
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extinguishers shall be inspected as required Automatic foam or CO2 systems 
should be checked to see that they are ready for operation in event of fire.  
2.9.3 Carbon Dioxide Extinguishers 
Carbon dioxide extinguishers should be weighed at least once every 6 
months to detect leakage or accidental release and must be recharged 
immediately after use, even though only partially discharged. CO2 cylinders 
should not be lifted by the neck or cap of the cylinder during weighing or 
handling procedures as the cylinders are not structurally designed to be 
supported by the neck. If an extinguisher shows a loss of weight of less than 
10 percent of the rated capacity stamped on it, it need not be discharged or 
refilled; the contents do not deteriorate with age. The extinguisher should be 
sent to the manufacturer or his authorized agent for recharging. A close 
check on the condition of rubber and composition hoses should be made, 
especially where they are exposed to the sun, as in outdoor installations.  
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Figure (2.2) Carbon Dioxide Extinguishers 
2.9.4 Dry-Chemical Extinguishers 
Dry-chemical extinguishers are filled with a compound consisting 
principally of bicarbonate of soda which has been chemically processed to 
make it waterproof, no corrosive, nonconducting, and free flowing. The 
extinguisher contains a cartridge of carbon dioxide or nitrogen used to expel 
the dry compound. The carbon dioxide or nitrogen cartridge should be 
removed and weighed every 6 months. It should be replaced if it shows loss 
of weight. It is not necessary to removed to make sure it is full and there is 
no caking or moisture present. Compound and cartridges other than those 
furnished by the manufacturer should not be used, and recharging 
instructions should be carefully followed. A quantity of dry compound and 
spare cartridges should be kept on hand for immediate recharging after use. 
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Care should be exercised that the extra compound is not contaminated by 
foreign materials.  
 
 
 
 
 
 
 
Figure (2.3) Dry-Chemical Extinguishers 
 
2.9.5 Wheeled-Type Units 
Large wheeled-type units of carbon dioxide are available, and the 
common sizes for these devices are 23, 24, and 45 kg (50, 75, and 100 lb). 
The procedure for recharging and maintaining these devices is similar to the 
procedure on the small devices. Care must be taken in considering these 
devices to see that the doorways are wide enough to permit passage of the 
extinguisher from one room or section to another. In switchyards and any 
other type of structure on which protection is necessary, there should be 
concrete runways for the large-wheeled units where they are equipped with 
steel wheels. Where the large-wheeled units come equipped with pneumatic 
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tires, a check should be maintained to see that these tires are properly 
inflated. Where it is necessary to store these large units outdoors, a small 
three-sided shed should be provided to keep the units out of the sun and 
weather to prevent deterioration of the rubber hose and tires.  
Dry-compound extinguishers of the 45- to 159kg (100- to 350-1b) size must 
be inspected every 6 months to ensure that the nitrogen pressure is available. 
This is done by pressure gauges forming a part of the extinguisher, similar to 
those found on an acetylene welding unit. This extinguisher must be 
recharged and hose cleaned out by blowing out compound when used or 
partly used, and the nitrogen cylinder replaced by one fully charged when 
the pressure gauge shows less than 454 kg (1,000 lb). Compound furnished 
by other than the manufacturer should not be used. The recharging 
instructions should be carefully followed. A quantity of dry compound and a 
spare nitrogen cylinder should be kept on hand for immediate recharging 
after use. 
 2.9.6 Foam Extinguishing Systems 
     2.9.6.1 General 
Firefighting foam is a mass of gas-filled bubbles which is lighter 
than flammable liquids. The foam can float on all flammable liquids and 
produces an air-excluding, cooling, continuous layer of vapor-sealing, 
water-bearing material for purposes of halting or preventing combustion. 
Two main types of foam are available.  
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These are low- and high-expansion foam as discussed below. The 
following general rules apply to the application and use of ordinary air 
foams:  
(1) Most foam is adversely affected by contact with vaporizing liquid 
extinguishing agents and by many dry chemical agents. These 
materials should not be used simultaneously with air foams. Gases 
from decomposing plastic materials have a similar breakdown effect 
on foams.  
(2) Foam solutions are not recommended for use on electrical fires as 
the foam is conductive.  
(3) High-expansion foam can seem to completely submerge and 
apparently extinguish fires, while the fire continues to burn quietly 
beneath it, this can occur when burning vapors beneath the foam 
support the foam blanket on heated air.  
2.9.6.2 Low-Expansion Foam 
The normal expansion ratios for low expansion foam range from 4:1 
to 12:1. The expansion ratio is the volume of foam generated, divided by the 
volume of solution used. The primary method of extinguishment with low-
expansion foam is smothering, although cooling is a factor. The minimum 
foam depth for extinguishing a fire is about 6 mm (1/4 in) with an average 
depth of 76 mm (3 in) or more.  
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2.9.6.3 High-Expansion Foam 
The normal expansion ratios for high- expansion foam range from 
100:1 up to 1000:1. The primary method of extinguishment is the 
smothering and cooling effect of water. High-expansion foam is particularly 
suited as a flooding agent for use in confined spaces, for transporting wet 
foam masses to inaccessible places, and for volumetric displacement of 
vapor, heat, and smoke.  [ 4]  
2.9.6.4 Limitations of Foam 
Foams are primarily used for control and extinguishment of fires 
involving flammable or combustible liquids, and the following criteria must 
usually be met for the foam to be effective:  
(1) The liquid must be below its boiling point at the ambient condition 
of temperature and pressure.  
(2) If foam is applied to liquids with a bulk temperature higher than 
100 C (212 F), the foam forms an emulsion of steam, air, and fuel. 
This may produce a fourfold increase in volume.  
(3) The foam must not be highly soluble in the liquid to be protected, 
and the liquid must not be unduly destructive to the foam.  
(4) The liquid must not be water reactive. 
(5) The fire must be a horizontal surface fire as falling fuel fires 
cannot be extinguished by foam unless the fuel has a relatively high 
flashpoint and can be cooled to extinguishment by the water in the 
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foam. However, some foams are capable of following a flowing fuel 
fire.  
- Class A foams 
Class A foams were developed in mid 1980s for firefighting wildfires. Class 
A foams lower the surface tension of the water which assists in the wetting 
and saturation of Class A fuels with water. This aids fire suppression and 
can prevent reignition. Favorable experiences led to its acceptance for 
fighting other types of class A fires, including structure fires. 
- Class B foams 
Class B foams are designed for class B fires - flammable liquids. The 
use of class A foam on a class B fire may yield unexpected results, as class 
A foams are not designed to contain the explosive vapors produced by 
flammable liquids. Class B foams have two major subtypes. 
     Synthetic foams: 
Synthetic foams are based on synthetic surfactants. Synthetic foams 
provide better flow, faster knockdown of flames, but limited post-fire 
security. Aqueous film forming foams (AFFF) are water-based, frequently 
containing sodium alkyl sulfate, and/or perfluoro telomere as surfactants. 
They have the ability to spread over the surface of hydrocarbon-based 
liquids. Alcohol-resistant aqueous film forming foams (AR-AFFF) are 
foams resistant to the action of alcohols, able to form a protective film when 
they are present. 
Protein foams: 
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Protein foams contain natural proteins as the foaming agents. Unlike 
other synthetic foams, protein foams are bio-degradable. They flow and 
spread slower, but provide a foam blanket that is more heat resistant and 
more durable. Protein foams include regular protein foam (P), fluoroprotein 
foam (FP), alcohol resistant fluoroprotein foam (AR-FP), film forming 
fluoroprotein (FFFP), and alcohol-resistant film forming fluoroprotein (AR-
FFFP). Protein Foam from non-animal sources is preferred because of the 
possible threats of biological contaminants like poison.  [ 5] 
 
 
 
 
 
 
 
 
2.10 Fire & Gas Detection and Alarm Systems 
Various simple and sophisticated fire and gas detection systems are 
available to provide early detection and warnings of a hydrocarbon release 
which supplement process instrumentation and alarms. The overall objective 
of fire and gas detection systems is to warn of possible impending events 
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that may be threatening to life, property of continued business operations. 
That is external to the process operation. 
Process controls and instrumentation only provide feedback for conditions 
within the process system. They do not report or control conditions outside 
the assumed process integrity limits. Fire and gas detection systems 
supplement process information systems with instrumentation that is located 
external to the process to warn of conditions that could be considered 
harmful if found outside the normal process environment. 
Fire and gas detection systems may be used to confirm the readings of major 
process releases or to report conditions that process instrumentation may not 
adequately report or be unable to report (i.e., minor process releases). 
2.10.1 Fire and Smoke Detection Methods 
Hydrocarbon vapors immediately burn with flame temperatures that 
are considerably higher than that of ordinary combustibles. For this reason 
damage from a hydrocarbon fire is much more severe than an ordinary 
combustible fire. The objective of fire detection for the petroleum industry is 
to rapidly detect a fire where personnel, high value, and critical equipment 
may be involved. Once detected executive action is initiated to alert 
personnel for evacuation and while simultaneously controlling and 
suppressing the fire incident. 
2.10.2 Human Surveillance 
          Human beings provide the first line of observation and defense for any 
facility. Periodic or constant first hand operator on site surveillance of the 
process provides careful observation and reporting of all activities within the 
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facility. Humans have keen senses that have yet to be expertly duplicated by 
instrumentation devices or sophisticated technical surveillance   
mechanisms. In this fashion they are more valuable in the observation of 
system performance than ordinary process control systems may be.  It 
should be remembered that humans are also prone to panic and cohesion at 
the time of an emergency and so may also be unreliable in some instances. 
Where proper training and selection of personnel occurs situations of panic 
and confusion may be overcome. 
2.10.3 Manual Activation Call point (MAC)/Manual Pull Station (MPS) 
          Simple switches that can be manually activated can be considered a 
fire alarm device. Models are used which normally require the use of 
positive force, i.e., to avoid accident and fraudulent trips. Fire alarm 
switches normally can only be reset by special tools in order to trace the 
source of the alarm, however sophisticated data reporting systems with 
addressable data collection may make this requirement obsolete.  Manual 
activation devices are normally placed in the main egress routes from the 
facility or location. 
Usually placement in the immediate high hazard location egress route and at 
the periphery evacuation routes or muster location of the installation is 
accomplished.  
2.10.4 Telephone Reporting 
All telephone points can be considered a method of notification. 
Telephones can be easily placed in a facility but may be susceptible to 
ambient noise impacts and the effects of a fire or explosion. Additionally 
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information from verbal sources can be easily misunderstood of spoken 
during an emergency. Simultaneous use of the phone system during 
emergency situations may also cause it to be overloaded and connections 
difficult to achieve. 
2.10.5 Portable Radios 
Operations personnel are normally provided with portable radios in 
large facilities. They have similar deficiencies to telephones but offer the 
advantage on onsite portability with continuous communication access. 
2.10.6 Smoke Detectors 
Smoke Detectors Smoke detectors are employed where the type of fire 
anticipated and equipment protection needs a faster response time than heat 
detectors. A smoke detector will detect the generation of the invisible and 
visible products of combustion before temperature changes are sufficient to 
activate heat detectors. The ability of a smoke detector to sense a fire is 
dependent on the rise, spread, rate-of-burn, coagulation and air movement of 
the smoke itself. Where the safety of personnel is a concern, it is crucial to 
detect a fire incident at its early stages because of the toxic gases, lack of 
oxygen that may develop, and obscuration of escape routes.  Smoke 
detection systems should be considered when these factors are present. 
- Ionization 
Ionization and condensation nuclei detectors alarm at the presence of 
invisible combustion products. Most industrial ionization smoke detectors 
are of the dual chamber type. One chamber is a sample. Chamber the other is 
a reference chamber. Combustion products enter an outer chamber of an 
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ionization detector and disturb the balance between the ionization chambers 
and trigger a highly sensitive cold cathode tube that causes the alarm. The 
ionization of the air in the chambers is caused by a radioactive source. 
Smoke particles impede the ionization process and trigger the alarm. 
Condensation nuclei detectors operate on the cloud chamber principle, 
which allows invisible particles to be detected by optical techniques. They 
are most effective on Class A fires (ordinary combustibles) and Class C fires 
(electrical). 
- Photoelectric 
Photoelectric detectors are of the spot type or light-scattering type. In 
each, visible products of combustion partially obscure or reflect a beam of 
light between its source and a photoelectric receiving element. The 
disruption of the light source is detected by the receiving unit and as a result 
an alarm is actuated. Photoelectric detectors are best used where it is 
expected that visible smoke products will be produced. They are sometimes 
used where other types of smoke detection is too sensitive to the invisible 
products of combustion that are produced in the area as part of normal 
operations such as garages, furnace rooms, welding operations, etc. 
- Dual Chamber 
Combinations of photoelectric and ionization detectors are available 
that operate as describe above. They are used to detect either smoldering or 
rapidly spreading fires. 
- Very Early Smoke Detection and Alarm (VESDA) 
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          High sensitivity sampling smoke detector systems provide the best 
form of rapid smoke detection for highly critical equipment or in high air 
flow situations. The VESDA system is basically a suction pump with 
collection tubes or pipes that use an optical smoke detection device to test 
for evidence of smoke particles. Since it gathers air samples from the desired 
protected area they are much faster in detection than ordinary detection that 
has to wait for the smoke to arrive to it. Care must be taken that the sampling 
tubes are protected from mechanical damage and the initial effects of an 
incident. In the petroleum industry, VESDA systems are typically provided 
for the interior of electrical or electronic cabinets or racks that control 
critical oil or gas processing activities. 
2.10.7 Thermal or Heat Detectors 
Thermal or heat detectors respond to the energy emission from a fire 
in the form or heat. The normal means by which the detector is activated is 
by convention currents of heated air or combustion products or by radiation 
effects. Because this means of activation takes some time to achieve thermal 
detectors are slower to respond to a fire when compared to some other 
detection devices. 
There are two common types of heat detectors - fixed temperature and rate 
of rise. Both rely on the heat of a fire incident to activate a signal device. 
Fixed temperature detectors signal when the detection element is heated to a 
predetermined temperature point. Rate of rise detectors signal when the 
temperature rises at a rate exceeding a predetermined amount. Rate of rise 
devices can be set to operate rapidly, are effective across a wide range of 
ambient temperatures, usually recycle rapidly and can tolerate a slow 
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increase in ambient temperatures without providing an alarm. Combination 
fixed temperature detectors and rate of rise will respond directly to a rapid 
rise in ambient temperatures caused by fire, will tolerate a slow increase in 
ambient temperatures without effecting an alarm, and recycle automatically 
on a drop in ambient temperature. 
Heat detectors normally have a higher reliability factor than other types of 
fire detectors. This tends to lead to fewer false alarms. Over all they are 
slower to activate than other detecting devices. They should be considered 
for installation only where speed of activation is not considered critical or as 
a backup fire detection device to other fire detection devices. They have an 
advantage of suitability for outdoor applications but the disadvantage of not 
sensing smoke particles or visible flame from a fire. 
Some of the systems can be strung as a line device and offers detection over 
a long path alternatively they be used as spot detectors. A common 
deficiency after installation is they tend to become painted over, susceptible 
to damage, or the fusible element may suffer a change in activation 
temperature over a long installation period. 
Heat detectors are activated by either melting a hsible material, changes in 
electrical current induced by heat loads on bi-metallic metals, destruction of 
the device itself by the heat, or by sensing a rate of ambient temperature rise. 
The following are some of the most common heat detection devices that are 
commercially available and used in the hydrocarbon industries. 
• Flexible plastic tubing (pneumatic)  
• Fusible optical fiber 
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• Bi-metallic wire or strip  
• Fusible plug (pneumatic pressure release) 
• Quartzoid bulb (pneumatic pressure release) 
• Fusible link (under spring tension) 
• Fixed temperature detector 
• Rate of rise detector 
• Rate compensated 
• Combination rate of rise and fixed temperature 
(On a rare occasion a tensioned string tied to pressure switch has been 
provided as detection over the vapor seal area of a floating roof crude 
storage tank. Although this method may be considered primitive and cheap, 
it is effective and beneficial versus the option of no detection). 
2.10.8 Optical (Flame) Detectors 
Flame detectors alarm at the presence of light from flames usually in 
the ultraviolet or infrared range. The detectors are set to detect the typical 
light flicker of a flame. They may be equipped with a time delay features to 
eliminate false alarms from transient flickering light sources. 
There are six types of optical detector commonly used in the oil and gas 
industry. 
1. Ultraviolet (W). 
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2. Single frequency infrared (IR). 
3. Dual frequency infrared (IR/TR). 
4. Ultraviolet/infrared - simple voting (W/IR). 
5. Ultraviolet/infrared - ratio measurement (UVAR). 
6. Multi-band. 
Each of the five types of detectors listed has advantages and limitations, 
making each more or less suitable for an application or a specific risk. There 
is not a uniform performance standard for flame detectors such as their is 
with smoke detectors. Flame detection for a particular model has to be 
analyzed by evaluation of its technical specification to expected fire 
development. 
- Ultraviolet (UV) Detector 
Responds to the relatively low energy levels produced at wavelengths 
between 0.185 and 0.245 microns. This wavelength is outside the range of 
normal human visibility and outside that of sunlight. 
• Advantages 
The ultraviolet detector is general all purpose detector. It responds to 
most burning materials but at different rates. The detector can be extremely 
fast, i.e., less than 12 milliseconds for special applications (e.g., explosive 
handling). It is generally indifferent to the physical characteristics of flames 
and does not require a "flicker" to meet signal input functions. It is not 
greatly affected by deposits of ice on the lens. Special modules are available 
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that can be used in high temperature applications up to 125 OC (257 OF). 
Hot black body sources, (stationary or vibrating) are not normally a problem. 
It is blind to solar radiation and most forms of artificial light. An automatic 
self testing facility can be specified or it can be tested with a hand held 
source at distances more than 10 meters (3ft.) from the detector. Most 
models can be field adjusted for either the flame sensitivity or the time delay 
function.  
• Limitations 
It responds to electric arcs from welding operations. It can be affected 
by deposits of grease and oil on the lens. This reduces its ability to "see" a 
fire. Lightning with long duration strikes can cause false alarm problems. 
Some vapors typically those with unsaturated bonds may cause signal 
attenuation. Smoke will cause a reduction in signal level seen during a fire. 
It may produce a false alarm response when subject to other forms of 
radiation such as from NDT operations. 
- Single Frequency Infrared (IR) Detectors 
This detector responds to infrared emissions from the narrow C02 
band at 4.4. Microns. It requires the satisfaction of flicker frequency 
discrimination at between 2 and 10 Hz. 
• Advantages 
It responds well to a wide range of hydrocarbon fires and is blind to 
welding arcs except when very close to the detector. It can see through 
smoke and other contaminates that could blind a W detector. It generally 
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ignores lightning, electrical arcs and other forms of radiation. It is blind to 
solar radiation and resistant to most forms of artificial lighting. 
• Limitations 
There are few models with automatic test capability. Testing is 
usually limited to hand held devices only 2 meters (7 ft.) from the detector or 
directly on the lens test unit. It can be ineffective if ice forms on the lens. It 
is sensitive to modulated emissions from hot black body sources. Most of 
the detectors have fixed sensitivities. The standard being under five seconds 
to a petroleum fire of 0.1 square meters (1.08 sq. 6.) located 20 meters (66 
ft.) from the device. Response times increase as the distance increases. It 
cannot be used in locations where the ambient temperatures could reach up 
to 75 OC (167 OF). It is resistant to contaminants that could affect a UV 
detector. Its response is dependent on fires possessing a flicker characteristic 
so that detection of high pressure gas flames may be difficult. 
- Dual or Multiple Frequency Infrared (IR/IR) Detectors 
This detector responds to infrared emissions in at least two 
wavelengths. Typically a C02 reference at 4.45 microns is established and a 
second reference channel that is away from the C02 and H20 wavelengths is 
made. It requires that the two signals received are confirmed as are 
synchronous and that the ratio between both signals is correct. 
• Advantages 
It responds well to a wide range of hydrocarbon fires and is blind to 
welding arcs. It can detect fires through smoke and other contaminates, 
although the signal pickup will be reduced. It generally ignores lighting and 
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electrical arcs. It has minimal problems with solar radiation and artificial 
radiation. It is also insensitive to steady or modulated black body radiation. 
There is a high level of false alarm rejection with this model of detector. 
• Limitations 
Detectors with complete black body rejection capability are usually 
less sensitive to fires than a single frequency infrared optical detector. 
Because it's discrimination of fire and non-fire sources depend upon an 
analysis of the ratio between fire and reference frequencies, there is a 
variation in the amount of black body rejection achieved. A detector's degree 
of black body radiation rejection is in inversely proportion to its ability to 
sense a fire. The detectors are limited to applications that involve 
hydrocarbon materials. 
- Ultraviolet/Infrared (UV/IR) Detectors 
There are two types of detectors under UV/IR classifications. Both of 
the types respond to frequencies in the UV wavelength and IR in the C02 
wavelength. In both types simultaneous presence of the W and IR signals 
must be available for alarm conditions. In the simple voting device an alarm 
is generated once both conditions are met. In the ratio device, satisfaction of 
the ratio between the level of UV signal received and IR signal received 
must also be achieved before an alarm condition is confirmed. 
• Advantages 
These detectors respond well to a wide range of hydrocarbon fires and 
are indifferent to arc welding or electric arcs. There are minimal problems 
with other forms of radiation. They are blind to solar radiation and artificial 
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lighting. They ignore black body radiation.  Its fairly fast response is slightly 
better than a single frequency IR detector but not as fast as a W detector. 
The simple voting type will respond to fire in the presence of an arc welding 
operation. It is not desensitized by the presence of a high background IR 
source. The flame sensitivities of the simple voting detector can be field 
adjusted. 
• Limitations 
The sensitivity to a flame can be affected by deposits of IR and UV 
absorbing materials on the lens if not frequently maintained. The IR channel 
can be blinded by ice particles on the lens. While the UV channel can be 
blinded by oil and grease on the lens. Smoke and some chemical vapors will 
cause reduced sensitivity to flames. UVAR detectors require a Flickering 
flame to achieve an IR signal input. The ratio type will lock out when an 
intense signal source such as arc welding or high steady state IR source is 
very nearby flame response for a ratio type is affected by attenuators, while 
in the voting type there is negligible effect. The detectors are limited to 
applications involving hydrocarbon materials. 
- Multi-band Detectors 
Multi-band fire detector monitors monitor several wavelengths of 
predominate fire radiation frequencies by photocells. They compare these 
measurements to normal ambient frequencies through micro processing. 
Where these are found be above certain levels an alarm is indicated. False 
alarms may even be "recognized" Advantages these detectors have a very 
high sensitivity and very encouraging stability. Microprocessor has the 
capability to be programmed to recognize certain fire types. 
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• Disadvantages 
May be inadvertently mis-programmed. The detector is relatively new 
on the market and needs further industry experience for wide acceptance.[6] 
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3.1 The study area: 
 
       Wad Medani is the capital of Algazira state in east-central Sudan it is 
about 65 square kilometer in area. Wad Madani lies on the west bank of the 
Blue Nile, nearly 85 miles (136 km) southeast of Khartoum. It is linked by 
rail to Khartoum. 
In Wad Medani city there are more than 30 petroleum service stations from 
different oil companies. This study was conducted on 30 petroleum service 
stations sampled from 75 stations existing in Gezira State. These sample  
petroleum service stations include: 
• Four stations for Shell Company (Nile Street, Almantiga ALsinaia, 
Alsoug Alsigyer and Alandalos area.) 
• Four stations for Petronas company (Almantiga ALsinaia, Alsoug 
Alsigyer, Albehous and Almustashfa.) 
• Seven stations for Nile company (Almantiga ALsinaia, Albehous, 
Almustashfa, Almawgaf Alaam, Alsoug Alshabi, Alsoug Almarkazi 
and Alkahraba Street.) 
• Two for Penta company (Alsoug Almarkazi and Alkaraiba). 
• Seven for Bashair company (Alsoug Almarkazi, Alsoug Alshabi, 
Alkaraiba, Almawgaf Alaam, Alsika Hadeed, Aldibaga and Dardig 
Street). 
• Three for Keramt company (Maringan street, Almalakia and 
Almantiga ALsinaia.) 
• One station for Capco company (Almawgaf Alaam.) 
• One for Gadrah (Almantiga ALsinaia.) 
• One station for Altraifi Company (Aldibaga).  
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- The study was conducted in August 2009, samples were taken during 
the period between 08.08 to 22.08. 
- The   bench marking against which the surveying results were analyzed 
include: 
 
3.1.1 Court yard:  
       Must be much cleaned, good floor level, no foreign bodies and perfect 
lighting and electrical wiring.  
 
3.1.2 Delivery gantry: 
       Integrity gantry parts, good hose connections, no leakage, no dispenser 
leakage, perfect lighting and electrical wiring, island must be cleaned from 
oil traces and earthing must be connected. 
 
3.1.3 Unloading area: 
       No leakage in unloading hoses, vents must be cleaned and earthing must 
be connected. 
 
3.1.4 Car wash and puncher: 
       Must be cleaned from oil and greases, water pump and compressor must 
be cleaned, perfect lighting and electrical wiring, good air and water 
connection and earthing must be connected.  
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3.1.5 HSE (Health Safety and Environment) 
       Must be cleaned from greases, perfect drain system, continued moving 
rubbish, first aid box must be available and workers uniform must be meets 
to the type of which can not generating electro statistics. 
 
3.1.6 Emergency tools 
       Extinguishers must be periodic inspection from three to six months, 
Powder Extinguishers must be put beside each dispenser, for each office 
must be put carbon dioxide Extinguisher, good condition sands buckets must 
be put beside each dispenser, caution and instructions signs must be existed, 
fire detection must be existed and directly connected to the civil defense by 
phone lines, water storage must be at least 30000 liters and foam system 
must be existed. 
 
3.1.7 Workers Training 
       Workers must be trained how they are used fire protection equipments 
and full understanding of safety signs and first aids.       
 
 
 
 
 
 
 
 
 
3.2 Methodology 
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      The standard specifications have been applied to the thirty Petroleum 
services stations in Medani city. If the service station identical to the 
standard specifications, it would be pass if not it would be failed. After data 
collected it analyzed by Statistical Package for the Social Sciences (SPSS).  
 
3.2.1 Chi-square test 
 
Chi-square, it is non parametric test of statistical significance 
appropriate when the data are in the form of frequency counts; it compares 
frequencies actually observed in a study with expected frequencies to see if 
they are significantly different. In this study it is used to show the factors 
which are caused fires accident. In chi-square test there is a p-value 
(significant), if it is less than 0.05 this means the factor has directly caused 
fires accident and if it is more than 0.05 the factor has not caused fires 
accident.          
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4.1. Results: 
        In general the tables and figures from (4.1) to (4.33) respectively show 
the deals on safety precaution, namely fire prevention, as extractor from the 
survey conducted on thirty petroleum service stations in Medani city. The 
tables (4.35), (4.37) and (4.39) show the main factors which are caused fire 
accident. 
 
- Court yard: 
 
Table (4-1) General cleaning 
 
 
24 80.0 80.0 80.0
6 20.0 20.0 100.0
30 100.0 100.0
pass
fail
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
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Fig (4-1) General cleaning 
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Table (4-2) Floor level 
Floor level
21 70.0 70.0 70.0
9 30.0 30.0 100.0
30 100.0 100.0
pass
fail
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
 
pass fail
Floor level
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Floor level
  
 
Fig (4-2) Floor level 
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Table (4-3) Foreign bodies 
Foreign bodies
26 86.7 86.7 86.7
4 13.3 13.3 100.0
30 100.0 100.0
pass
fail
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
 
 
pass fail
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Fig (4-3) Foreign bodies 
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Table (4-4) Lighting and electric wiring 
Lighting and electric wiring
29 96.7 96.7 96.7
1 3.3 3.3 100.0
30 100.0 100.0
pass
fail
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
 
 
pass fail
Lighting and electric wiring
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Lighting and electric wiring
  
Fig (4-4) Lighting and electric wiring 
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- Delivery gantry: 
Table (4-5) Gantry part 
 
Gantry parts
25 83.3 83.3 83.3
5 16.7 16.7 100.0
30 100.0 100.0
pass
fail
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
 
pass fail
Gantry parts
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Fig (4-5) Gantry part 
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Table (4-6) Hose connection and leakage 
 
Hose connection and leakage
30 100.0 100.0 100.0passValid
Frequency Percent Valid Percent
Cumulative
Percent
 
pass
Hose connection and leakage
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Hose connection and leakage
 
Fig (4-6) Hose connection and leakage 
 
 
 
 
Table (4-7) Dispenser (leak) 
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Dispenser ( leakage)
29 96.7 96.7 96.7
1 3.3 3.3 100.0
30 100.0 100.0
pass
fail
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
 
pass fail
Dispenser ( leakage)
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Dispenser ( leakage)
 
 
Fig (4-7) Dispenser (leakage) 
 
 
Table (4-8) Lighting and electric wiring 
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Lighting and electric wiring
26 86.7 86.7 86.7
4 13.3 13.3 100.0
30 100.0 100.0
pass
fail
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
 
pass fail
Lighting and electric wiring
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Lighting and electric wiring
 
Fig (4-8) Lighting and electric wiring 
 
 
 
Table (4-9) Islands (cleaning and oil traces) 
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Islands (cleaning and oil traces)
25 83.3 83.3 83.3
5 16.7 16.7 100.0
30 100.0 100.0
pass
fail
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
 
pass fail
Islands (cleaning and oil traces)
0
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Islands (cleaning and oil traces)
 
Fig (4-9) Islands (cleaning and oil traces) 
 
 
 
Table (4-10) Earthing (wiring and connection) 
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Earthing (wiring and connection)
30 100.0 100.0 100.0passValid
Frequency Percent Valid Percent
Cumulative
Percent
 
 
pass
Earthing (wiring and connection)
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Earthing (wiring and connection)
  
Fig (4-10) Earthing (wiring and connection) 
  
  
  
  
- Unloading area: 
Table (4-11) Unloading hoses (check for leakage) 
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Unloading hoses (check for leakage)
29 96.7 96.7 96.7
1 3.3 3.3 100.0
30 100.0 100.0
pass
fail
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
 
 
pass fail
Unloading hoses (check for leakage)
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Unloading hoses (check for leakage)
 
Fig (4-11) Unloading hoses (check for leakage) 
 
 
Table (4-12) Vents (cleaning) 
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Vents (cleaning)
30 100.0 100.0 100.0passValid
Frequency Percent Valid Percent
Cumulative
Percent
 
pass
Vents (cleaning)
0
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Vents (cleaning)
 
Table (4-12) Vents (cleaning) 
 
 
 
 
 
Table (4-13) Earthing (wiring and connection) 
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Earthing ( wiring and connection)
28 93.3 93.3 93.3
2 6.7 6.7 100.0
30 100.0 100.0
pass
fail
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
 
 
 
pass fail
Earthing ( wiring and connection)
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Earthing ( wiring and connection)
 
Fig (4-13) Earthing (wiring and connection) 
 
 
- Car wash and puncher: 
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Table (4-14) Cleaning from oil and graces 
Cleaning from oil and greases
10 33.3 33.3 33.3
20 66.7 66.7 100.0
30 100.0 100.0
pass
fail
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
 
 
pass fail
Cleaning from oil and greases
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y
Cleaning from oil and greases
 
Fig (4-14) Cleaning from oil and graces 
 
Table (4-15) Water pump and compressor room cleaning 
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Water pump and compressor room cleaning
25 83.3 83.3 83.3
5 16.7 16.7 100.0
30 100.0 100.0
pass
fail
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
 
pass fail
Water pump and compressor room cleaning
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Water pump and compressor room cleaning
 
 
Fig (4-15) Water pump and compressor room cleaning 
 
 
 
Table (4-16) Lighting and electric wiring   
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Lighting and electric wiring
22 73.3 73.3 73.3
8 26.7 26.7 100.0
30 100.0 100.0
pass
fail
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
 
 
pass fail
Lighting and electric wiring
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Lighting and electric wiring
 
 
Fig (4-16) Lighting and electric wiring   
 
 
Table (4-17) Air and water connection 
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Air and water  connection
30 100.0 100.0 100.0passValid
Frequency Percent Valid Percent
Cumulative
Percent
 
 
pass
Air and water  connection
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Fig (4-17) Air and water connection 
 
 
 
Table (4-18) Earthing (wiring and connection) 
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Earthing ( wiring and connection )
30 100.0 100.0 100.0passValid
Frequency Percent Valid Percent
Cumulative
Percent
 
pass
Earthing ( wiring and connection )
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Earthing ( wiring and connection )
 
Fig (4-18) Earthing (wiring and connection) 
 
 
 
 
- HSE: 
Table (4-19) Graces trap 
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pass fail
Greases trap
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Greases trap
 
Table (4-19) Graces trap 
 
 
Table (4-20) Drain system 
Greases trap
1 3.3 3.3 3.3
29 96.7 96.7 100.0
30 100.0 100.0
pass
fail
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
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Drain system
29 96.7 96.7 96.7
1 3.3 3.3 100.0
30 100.0 100.0
pass
fail
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
 
pass fail
Drain system
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Table (4-20) Drain system 
 
 
 
 
Table (4-21) Removing rubbish  
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Removing rubbish
24 80.0 80.0 80.0
6 20.0 20.0 100.0
30 100.0 100.0
pass
fail
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
 
 
pass fail
Removing rubbish
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Fig (4-21) Removing rubbish  
 
 
 
Table (4-22) First aid box 
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First aid box
2 6.7 6.7 6.7
28 93.3 93.3 100.0
30 100.0 100.0
pass
fail
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
 
 
pass fail
First aid box
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Fig (4-22) First aid box 
 
 
Table (4-23) Workers uniform 
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Workers uniform
4 13.3 13.3 13.3
26 86.7 86.7 100.0
30 100.0 100.0
pass
fail
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
 
pass fail
Workers uniform
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Workers uniform
 
Table (4-23) Workers uniform 
 
 
 
- Emergency tools: 
  
 
74  
 
Table (4-24) Extinguisher (inspection) 
Extinguisher (inspection)
30 100.0 100.0 100.0passValid
Frequency Percent Valid Percent
Cumulative
Percent
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Extinguisher (inspection)
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Fig (4-24) Extinguisher (inspection) 
 
 
 
 
Table (4-25) Extinguisher (distribution) 
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Extinguisher (distribution)
6 20.0 20.0 20.0
24 80.0 80.0 100.0
30 100.0 100.0
pass
fail
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
 
 
pass fail
Extinguisher (distribution)
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Extinguisher (distribution)
 
 
Fig (4-25) Extinguisher (distribution) 
 
 
Table (4-26) Sand buckets 
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Sand buckets
6 20.0 20.0 20.0
24 80.0 80.0 100.0
30 100.0 100.0
pass
fail
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
 
 
pass fail
Sand buckets
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Fig (4-26) Sand buckets 
 
 
Table (4-27) Safety signs (cautions and instructions) 
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Safety signs (cautions and instructions)
10 33.3 33.3 33.3
20 66.7 66.7 100.0
30 100.0 100.0
pass
fail
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
 
 
pass fail
Safety signs (cautions and instructions)
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Safety signs (cautions and instructions)
 
 
Fig (4-27) Safety signs (cautions and instructions) 
 
 
Table (4-28) Fire detection system 
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Fire detection system
1 3.3 3.3 3.3
29 96.7 96.7 100.0
30 100.0 100.0
pass
fail
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
 
 
pass fail
Fire detection system
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Fire detection system
 
 
Fig (4-28) Fire detection system 
 
 
Table (4-29) Water storage 
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Water storage
1 3.3 3.3 3.3
29 96.7 96.7 100.0
30 100.0 100.0
pass
fail
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
 
pass fail
Water storage
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Water storage
 
Fig (4-29) Water storage 
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Table (4-30) Foam system 
Foam system
1 3.3 3.3 3.3
29 96.7 96.7 100.0
30 100.0 100.0
pass
fail
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
 
 
pass fail
Foam system
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Fig (4-30) Foam system 
 
 
Table (4-31) Alarms system 
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Alarms system
1 3.3 3.3 3.3
29 96.7 96.7 100.0
30 100.0 100.0
pass
fail
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
 
pass fail
Alarms system
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Fig (4-31) Alarms system 
 
 
 
- Fire accident: 
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Table (4-32) Occurring 
Occuring
22 73.3 73.3 73.3
8 26.7 26.7 100.0
30 100.0 100.0
no
yes
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
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Fig (4-32) Occurring 
- Workers training: 
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Table (4-33) Workers learning 
workers training(learning)
23 76.7 76.7 76.7
7 23.3 23.3 100.0
30 100.0 100.0
no
yes
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
 
no yes
workers training(learning)
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Fig (4-33) Workers training  
 
 
Table (4-34) Floor level 
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Crosstab
Count
13 9 22
8 0 8
21 9 30
no
yes
Occuring
Total
pass fail
Floor level
Total
 
 
Table (4-35) Relation between Floor level and Fire accident 
 
Chi square value = 4.675   p-value = 0.031 that mean there is a relation 
between floor level and fire accident. 
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Fig (4-34) Relation between Floor level and Fire accident 
 
 
 
 
 
 
 
 
Table (4-36) Safety signs (cautions and instructions) 
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Crosstab
Count
5 17 22
5 3 8
10 20 30
no
yes
Occuring
Total
pass fail
Safety signs (cautions
and instructions)
Total
 
 
Table (4-37) Relation between Safety signs and Fire accident. 
 
 
  
Chi square value = 4.176 p-value = 0.041 that mean there is a relation 
between safety signs and fire accident. 
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Fig (4-35) Relation between Safety signs and Fire accident. 
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Table (4-38) Workers training 
 
 
 
 
Table (4-39) Relation between workers training (Learning) and Fire 
accident. 
 
 
 
Chi square value = 4.377 p-value = 0.037 that mean there is relation between 
workers training (Learning)   and Fire accident. 
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Fig (4-36) Relation between workers training (Learning) and Fire 
accident. 
 
 
 
 
 
 
 
 
4.2. Discussions: 
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    Court yard: 
       In court yard tables from (4.1) to (4.4) the service stations are achieved 
high grades relatively, except table (4.2) shows lower grade relatively in 
floor level. This grade may leads to the fire accident. 
     Delivery gantry: 
       In delivery gantry tables from (4.5) to (4.10) service stations achieved 
high grades. 
    Unloading area: 
       In unloading area tables from (4.11) to (4.13) service stations achieved 
very high grades. 
    Car wash and puncher: 
       In car wash and puncher table (4.14) service stations are achieved very 
low grade in cleaning from oil and greases and this grade may lead to fire 
accident. Tables from (4.14) to (4.18) show high grades. 
    HSE (Health Safety and Environment): 
       In table (4.19) service stations are achieved very low grade in greases 
trap and this grade may lead to fire accident. Tables (4.20) and (4.21) show 
high grades. Table (4.22) service stations are achieved very low grade in 
first aid box check. This grade leads to Delay the process of first aid. Table 
(4.23) service stations are achieved very low grade in workers uniform. This 
grade leads to fire accident caused by electro- statistics on clothes non 
identical to the standard.  
 
 
 
   Emergency tools: 
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       In emergency tools table (4.24) service stations are achieved very high 
grade. Tables from (4.24) to (4.31) service stations are achieved very low 
grades. This grades lead to lack in fire protection. 
  Fire accident: 
       In table (4.32) fire accident are occurred with percentage 26% of service 
stations. This grade is considered high. 
Workers training: 
In workers training table (4.33) service stations are achieved low grade. This 
grade reflected negative effect on fire protection. 
    4.2.1 Chi square test results: 
       The results of chi square tested of all elements of fire protection for 
service stations are three factors. These three factors  represent the lack on 
floor level, safety signs and workers training and may lead directly to fires 
incident.     
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5.1 Conclusion 
 
         There is no doubt the fire protection is one of most important factors 
leading to accidents in petroleum service stations and it is plays a significant 
role in saving life and protect properties and environment. The study 
compared the currently adopted procedures in Wad Medani petroleum 
service stations with standard specifications which were furnished by Nile 
Petroleum Company. The study confirmed the existence of shortcomings 
and absence of application of standard specifications as per the following 
which is an extract from conducted statistical results: 
- (30%) of service stations failed in the norms of floor leveling. 
- (76.7%) of service stations failed in conducting workers training 
courses. 
- (66.7%) of service stations failed in presentation of safety signs. 
 
These drawbacks may lead to fire accidents and these implies that it is at 
most importance to follow the standard specifications to ensure the 
necessary protection. 
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5.2 Recommendations 
 
based on the findings and results of this research, it is recommended that:  
- Enforce the petroleum service stations to follow the standard of floor 
leveling. 
- Enforce workers to make training courses in fire protection 
equipments and first aid before start their jobs. 
- Enforce the petroleum service stations comply the requirement of 
safety signs (instructions and cautions) in suitable location and 
understandable message. 
- Petroleum service stations must be committed to the use of personal 
protective equipment specially their overall, masks and safety shoes of 
the personnel. 
- Petroleum service stations shall have fire detection system connected 
with civil defense by phone line.        
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FIRE SAFETY REQUIREMENTS 
FOR PETROLEUM SERVICE STATION 
 
1. Sitting OF Petroleum Service Station 
     1.1 Any site chosen should be sufficiently spacious for it to be designed 
to minimize the risks of any unauthorized person to be at or near the filling 
stations. (i.e. it must be sited away from normal human traffics and isolated 
from other buildings' entrances and exits). 
    1.2 Petroleum service stations shall be sited away from any places of 
public assembly where there is large number of people, such as town 
centres, neighborhood centres, important buildings and key installations.   
1.3 If the distances from the boundary line of the petroleum service stations 
to any residential buildings and places of public assembly are within the 
following dimensions, 
  a) Residential buildings - 50 meters 
  b) Places of public assembly - 90 meters. 
  1.4 The route for tank vehicles leading to petroleum service stations should 
not pass through or be near to the kind of places mentioned in clause 1.2. 
  1.5 Service station shall be stand-alone type and dispensing of petrol shall 
be restricted to the ground level only. 
  1.6 Convenience stores integrated with the petroleum service station is 
limited to 300 square meters. 
  1.7 Consultation and approval with regards to new petroleum service 
station shall be sought before the actual plan submission with regards to the 
Self-Regulation Scheme. 
  1.8 Licensing requirements must be in accordance to the Fire Safety Act, 
Fire Safety (Petroleum & Flammable Materials) Regulations. 
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2. Storage and Tank Requirements 
  2.1 Tanks for all classes of petroleum in a Petroleum Service Station shall    
be installed underground. 
  2.2 All underground tanks shall have a water capacity not more than 30kl    
each. 
  2.3 Tank Requirements 
The tank shall be designed, constructed, installed and tested to meet any of 
the following or other equivalent standards: 
   (i) British Standards (BS 2594): Carbon Steel Welded Horizontal 
Cylindrical Storage Tanks. 
   (ii) Underwriters Laboratories (UL 58): Steel Underground Tanks for 
Flammable and Combustible Liquids. 
   (iii) Standards Association of Australia (1962): Steel Tanks for the Storage 
of Flammable and Combustible Liquids. 
   (iv) NFPA (National Fire Protection Association), Flammable and 
Combustible Liquids Code. 
   2.4 Underground Tanks and Access Pits 
All underground tanks shall be in accordance with the following 
requirements: 
  (a) The road surface above the underground tanks shall be of reinforced 
concrete of the thickness necessary to support itself and any superimposed 
loads, but not less than 150mm. 
  (b) The depth from the road surface to the top of the tank shall be not less 
than 450mm. 
(c) Each access pit shall be fitted with a cover that is water tight or raised 
above the level of the surrounding ground to prevent the entry of surface 
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water and of strength sufficient to withstand any superimposed loads. The 
strength of such a cover shall not be inferior to those of 5mm low carbon 
steel. 
   2.5 Separation from Property Boundaries and Building Foundations 
     The distance of the underground tank to any property boundaries and 
foundations shall be not less than 2.5m and 1m respectively. 
 
2.6 Corrosion Protection 
     Any underground tank and its associated piping shall be protected from 
corrosion by one or more of the following methods: 
(a) Protective coating or wrappings 
(b) Cathodic protection 
(c) Corrosion-resistant materials of construction 
2.7 Venting 
     Each tank shall incorporate a vent to atmosphere for the vapour space 
above the liquid. 
 
2.8 Vent Capacity 
     The size of any vent shall be such that pressure or vacuums resulting 
from filling, emptying or atmospheric temperature change, will not cause 
stresses in excess of the maximum design stress for the tank and shall have a 
minimum internal diameter of38mm. 
 
2.9 Vent Piping 
     Any vent piping between the tank vent connection and the discharge 
point shall comply with the following requirements: 
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(a) The vent pipes shall fall consistently back to the tank at a slope not less 
than 1 in 40. 
(b) A vent pipe shall not pass through building foundations but may be 
embedded in concrete, which is part of other building construction. A vent 
shall not be run within a cavity wall but may pass through a cavity wall or 
through masonry which incorporates cavities, provided that it is in a sleeve 
which will prevent vapour gaining access to the cavities. 
(c) A vent pipe may be either embedded in a concrete slab or laid in the 
earth. If the vent pipe is laid in the earth, it shall be: 
    (i) Located not less than 300mm below ground level; 
   (ii) Surrounded by clean washed sand, or provided with equivalent 
        corrosion protection; and 
   (iii) Suitably protected if the area is subject to vehicular traffic. 
(d) The vent pipe and terminal shall be located or protected so that they are 
not liable to damage resulting from normal activities. 
(e) The vent pipe shall be vapour-tight throughout its length. 
 (f) All underground tanks or compartment in a tank shall have a separate 
individual vent pipe. 
 
2.10 Vent Outlet Location 
   The discharge point of a vent shall comply with the following 
requirements: 
(a) The location, direction and velocity of discharge shall be such that 
venting vapour will not cause danger to the surrounding. 
(b) The vent discharge point shall be not less than 2.0m from any boundary 
and opening in a building e.g. Window, door, ventilator, air conditioner and 
forced air intake. 
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(c) The vent shall discharge into open air and vent discharge point shall be 
located not less than 4m above ground level. 
 
2.11 Vent Terminal 
 (a) The discharge end of a vent shall be protected from the ingress of 
foreign material by a protective cage of fitting and shall discharge only 
vertically upward in order to disperse vapours. 
(b) A vent provision shall be connected to a vapor recovery or collection 
system, similarly provided for at the filling mentioned in clause 2.12. 
 
2.12 Filling Connection 
    The filling connection to a storage tank, which is filled from a tank 
vehicle, shall incorporate a vapor-tight connection. A cap or cover with lock 
shall be provided for the filling point. Means shall be provided to prevent 
accumulation or abnormal discharge of vapor during refilling by having a 
vapor recovery system. 
 
2.13 Location of Filling Point 
    The location of the filling point for any storage tank intended to be filled 
from a tank vehicle shall comply with the following requirements: 
(a) The length of any hose required to connect a tank vehicle to the filling 
point shall not exceed 5m 
(b) The filling point shall be protected from accidental or physical damage. 
Guardrails or any necessary measures shall be installed to prevent damage 
by collision. 
 (c) The filling point for any tank containing a Class I, Class II and Class III 
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petroleum shall be in open air at least 3.0m from any opening into a building 
and boundary. If a distance of 3.0m cannot be complied, a vapour barrier 
made of non-combustible material shall be used and shall not be less than 
500mm high above the center of the filling point inlet. The vapor barrier 
must be at least 1m from the boundary line. The distance measured in a 
horizontal plane around the end of any vapour barrier must be 3m from the 
center of the outer most filling point inlet to the building and boundary.  
(d) The edge of the tank vehicle designated parking area for refilling shall be 
at least 3m from any opening into any building and boundary. 
(e) The filling point for the underground tank shall be located in such a way 
that there are no obstructions for the tank vehicle to have a clear access from 
the entry to the exit of the service station. 
2.14 Piping Design Suitability 
   The design, fabrication, assembly, test and inspection of piping shall be 
suitable for the expected working pressure temperatures and structural 
stresses and shall comply with relevant international standard. 
 
2.15 Piping Material Suitability 
   Any material used in the construction or installation of piping shall be 
suitable for the conditions of use, and in particular: 
(a) It shall be compatible with the particular petroleum or any other 
component with which it may be in contact; 
(b) It shall be resistant to any heat to which it may be exposed; and 
(c) Where subject to corrosion, it shall be sufficiently resistant to ensure an 
acceptable life. 
 
2.16 Piping Flexible Tube 
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   Flexible tubing, piping or hose may be used only on condition that: 
(a) The use of such tubing is unavoidable because of the need to provide for 
movement or to reduce the effect of vibration; 
(b) The tubing is of flexibility metallic, metal-reinforced, armored or other 
construction suitable for the working pressure, temperature and the liquid 
being handled. 
 
2.17 Piping Design and Construction 
    The following general design consideration shall be taken into account 
when designing or installing any piping: 
(a) The layout shall take into account of the needs for all operating access 
and shall ensure that any access way is not impeded. 
(b) Supporting and fixing shall be secure and the piping shall be not unduly 
exposed to mechanical damage; 
(c) Provision shall be made wherever necessary, for the expansion or 
contraction of the piping and its contents; 
(d) Any buried piping shall be protected from superimposed loads, ground 
settlement etc. 
(e) Any necessary electrical bonding and earthing shall be provided. 
(f) Piping shall be painted and/or marked in a manner sufficient to permit 
ready identification of its contents. 
  2.18 Pump Drive. Any motor or engine that drives a pump for use with any 
classes of petroleum shall be of the type specifically approved for such use. 
 
3. Fuel Dispensing System 
  3.1 Dispensing units at a service station shall be located in the open air 
where they will be adequately ventilated. These shall be located such that all 
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parts of the vehicle being served will be on the premises of the service 
station and shall be sited not less than 6m away from any building, public 
roadway or boundary. 
  3.2 A clearly identified and easily accessible switch or circuit breaker (a 
centralized 
Emergency Shut-Off Device) shall be provided at a location remote from the 
dispensing devices, including remote pumping systems, to shut off the 
power to all dispensing devices in the event of an emergency and shall not 
be less than 6m or more than 15m from the dispenser. A sign incorporating 
the wordings 
"EMERGENCY CUT-OFF" shall be provided in the vicinity of the cut-off 
switch. A similar device shall be provided in close vicinity to the console 
area/cashier as stipulated. 
  3.3 Petroleum shall be transferred from underground tanks by means of 
fixed pumps designed and equipped to allow control of the flow and prevent 
leakage or accidental discharge. 
 3.4 A control shall be provided such that the pump will operate only when a 
dispensing nozzle is removed from its bracket or normal position with 
respect to the dispensing unit and the switch on this dispensing unit is 
manually activated. This control shall also stop the pump when all nozzles 
have been returned, either to their bracket or to the normal non-dispensing 
position. 
  3.5 The dispensing unit and its piping shall be mounted on a concrete 
island. Each island shall rise not less than 150mm above the surrounding 
ground level and shall extend not less than 300mm on both sides of the 
dispensing units and at least 500mm from the dispensing unit to the edge of 
the base measured longitudinally. 
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  3.6 Hose length at service station shall not exceed 5m. When not in use 
hose shall be secured so as to protect it from damage. 
   3.7 The nozzle through which fuel is dispensed to a vehicle shall be such 
that it automatically closes when the fuel tanks of the vehicles are full. 
3.8 Individual dispensing units shall be provided with an emergency shut-off 
device. 
   3.9 A rigidly anchored emergency shutoff valve, incorporating a fusible 
link or other thermally activated device, designed to close automatically in 
the event of a severe impact or fire exposure shall be properly installed in 
the supply line at the base or inlet of each dispenser. The automatic closing 
feature of this valve shall be checked at the time of initial installation and at 
least once a year thereafter by manually tripping the hold-open linkage. 
 
 
 
 
4. Remote Pumping Systems 
  4.1 This section shall apply to systems where petroleum is transferred from 
storage to individual or multiple dispensing units by pumps located 
elsewhere than at the dispensing units. 
  4.2 Pumps shall be designed or equipped so that no part of the system will 
be subjected to pressure above its allowable working pressure. 
  4.3 Pumps installed above grade shall be located not less than 3m from the 
boundary or building opening and shall be substantially anchored and 
protected against physical damage. 
4.4 Pit lid or cover for subsurface pumps or piping manifolds of submersible 
pumps shall be in accordance with clause 2.4. 
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5. Attended Self-Service Stations 
   5.1 All self-service stations shall have at least one attendant on duty while 
the station is open to the public. The attendant's primary function shall be to 
supervise, observe and control the dispensing of petroleum. The attendant is 
to be above 18 years of age formally trained in the safe handling of 
petroleum. 
  5.2 Clear operating instructions shall be conspicuously posted at every 
dispenser. 
  5.3 The dispensing area at all times is in clear view from the console 
area/cashier (area having control of the emergency shut-off devices for all 
and individual dispensing units including remote pumping systems). 
  5.4 A clear line-of-sight between the dispensing area and the console 
area/cashier shall always be maintained. 
  5.5 The console/cashier operator shall at all times be able to communicate 
with persons at the dispensing area. This can be by means of a voice 
communication system. 
   5.6 Sufficient numbers of close circuit cameras are to be installed at the 
petroleum service station to cover the forecourt, backcourt, dispensing areas 
and other critical areas of the petroleum service station. 
   5.7 Provisions must be made for bollards and chains to be installed at the 
exit and the entrance of the petroleum service station during refilling by the 
tank vehicle to cater during high alert situations. 
  5.8 The setback distance from the edge of the roof of the dispensing area to 
any boundary line must be in accordance to the requirements in clause 3.5 of 
the Fire Code or 3m, which ever greater.  
 
106  
 
6. Electrical Equipment & Area Classification 
   6.1 All electrical wiring and equipment shall be of a type suitable for the 
location, in accordance with NFPA (National Fire Protection Association). 
 
7. Caution Labeling 
    7.1 An Emergency Information Panel shall be provided at the filling point. 
8. Warning Signs 
    8.1 Warning signs shall be conspicuously posted at the individual 
dispensing area incorporating the following wordings: "WARNING - NO 
SMOKING, NO NAKED LIGHTS, STOP ENGINE". The lettering shall be 
at least 50mm high. 
    8.2 The signs shall be posted not less than 1.8m and not more than 2.5m 
above the ground level. 
 
9. Fire Control 
   9.1 Fire Extinguishers Approved types of fire extinguishers of rating not 
less than 70B (9kg) or 34B (2 x4.5kg) shall be provided at the individual 
dispensing units and protected from the weather. 
  9.2 Hose reels: 
(a) Sufficient hose reels coverage shall be provided such that the service 
station usable area is within 6m of a nozzle attached to a 30m hose. 
(b) Hose reels shall comply with the requirements of National Fire 
Protection Association. A small quantity of absorbent or sand (as a guide, 1 
full bucket minimum of 40 litres) shall be provided at the service station to 
mop up any spillage. These absorbent materials shall be kept in a container 
in a close fitting lid and shall be installed in an accessible place. 
9.4 Fire Hydrant 
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Fire hydrant must be within 50m from any part of the fire engine access 
road. The actual travel distance from the edge of the fire engine access road 
to the most remote 
point of the petroleum service station usable space must not be more than 
50m. 
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